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1.0 INTRODUCTION

Eco-Systems, Inc. (Eco-Systems) has been retained by Hercules Incorporated (Hercules) to
prepare this revised work plan for supplemental site investigation at the Hercules facility in

Hattiesburg, Mississippi. The site location is shown on Figure 1. The supplemental site

investigation is being conducted in response to a request from the Mississippi Department of

Environmental Quality (MDEQ) in a letter dated February 3, 2003. The February 3, 2003, letter

from MDEQ was sent after review by the MDEQ of the Interim Groundwater Monitoring Report

(Eco-Systems, January 2003). The Interim Groundwater Monitoring Report was submitted

voluntarily by Hercules after receipt of groundwater analytical results for groundwater

monitoring conducted in accordance with the Hercules’ Site Investigation Work Plan (Eco

Systems, February 1999) and additional comments of the MDEQ approval letter dated April 5,

1999.

This revised work plan has been prepared in response to comments contained in a letter from the

Mississippi Department of Environmental Quality (MDEQ) dated April 24, 2003, which

discussed, among other issues, the original Work Plan for Supplemental Site Investigation (Eco

Systems, April 4, 2003). This revised work plan also includes changes based on comments

contained in a letter from the MDEQ dated June 11, 2003, which discusses the meeting between

Hercules and the MDEQ that took place on June 6, 2003.

1.1 BACKGROUND

Work conducted under the previous Hercules Site Investigation Work Plan centered on efforts to

determine whether the miticide, Dioxathion, was present in site soil and groundwater. The work

plan included installation of 5 groundwater monitoring wells (MW-7, MW-8, MW-9, MW-b,

and MW-li) to add to the 6 existing groundwater monitoring wells installed at the site during

prior investigations. Monitoring wells MW-7, MW-8, MW-9, MW-b and MW-l 1 were

installed to provide groundwater quality information near the former Dioxathion production area

and near former wastewater sludge pits. The work also included installation of 14 temporary

piezometers and 4 staff gauges. The piezometers and staff gauges were installed to provide

hydrogeologic information in the uppermost saturated interval and to establish the relationship, if

any, of the uppermost saturated interval to Greens Creek. Monitoring wells, piezometers, stream

gauges, and other sampling locations installed or implemented during the previous site

investigation are shown on Figure 2. Field activities for the previous site investigations were

conducted between April 1999 and March 2003. The results of the site investigations are

discussed in the Interim Groundwater Monitoring Report (Eco-Systems, January 2003) and the

Hercules Site Investigation Report (Eco-Systems, April 2003).

The findings of the site investigations that are discussed in the Interim Groundwater Monitoring

Report and the Hercules Site Investigation Report included the detection of volatile organic

compounds (VOCs) at concentrations above Target Remediation Goals (TRG5) identified in the

MDEQ Brownfields program in groundwater samples collected from monitoring wells MW-4,
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MW-8, MW-9, and MW-il. The highest concentrations of VOCs were detected in the

groundwater sample collected from monitoring well MW-8. Monitoring well MW-8 is located

near the former dioxathion production area.

The February 3, 2003, letter from MDEQ requested that Hercules submit a work plan for

supplemental site assessment to delineate the vertical and horizontal extent of VOCs detected in

shallow groundwater at the facility. That work plan was submitted to the MDEQ on April 4,

2003. The letter from MDEQ also requested that Hercules conduct a geophysical investigation

to delineate the lateral limits of the closed landfill on the site and to locate accumulations of

buried metal within the landfill. The MDEQ letter requested the location of buried drums. It

should be noted that geophysical methods will only allow for the identification of magnetic

anomalies in subsurface soils that may be interpreted as accumulations of buried metallic objects.

After review of the Work Plan for Supplemental Site Assessment (Eco-Systems, April 2003), the

MDEQ sent a letter to Hercules dated April 24, 2003, which addressed 12 issues in the work plan

and requested a revised work plan. Those issues were further discussed in a meeting between

Hercules and the MDEQ on June 6, 2003, and in letter from the MDEQ to Hercules dated June

ii, 2003. This revised Work Plan for Supplemental Site Assessment (Eco-Systems, June 2003)

encompasses the revisions agreed upon between Hercules and the MDEQ.

1.2 PURPOSE AND SCOPE

The original purpose of the supplemental site investigation was to investigate the lateral and

vertical extent of the VOCs that were detected in the groundwater samples collected from

monitoring wells MW-4, MW-8, MW-9, and MW-il. The original supplemental site

investigation also included a geophysical investigation to delineate the lateral limits of the

landfill and, if possible, locate accumulations of buried metal. In response to comments from the

MDEQ, the supplemental site investigation has been revised to include additional analytical

parameters, investigation of the surface water and stream sediments upstream from previously

sampled locations, investigation of groundwater quality in the vicinity of piezometers, TP- 1, TP

4, TP-5, and TP-ll, and additional geophysical investigation in the area west of the landfill.

The scope of this investigation will include the following:

• Mobilize a hydraulic probing unit to the site,

• Install probe borings and temporary monitoring wells, as necessary,

• Collect groundwater samples and have those samples analyzed for constituents of

concern,
• Collect hydrogeologic information from probe borings and temporary monitoring

wells,
• Evaluate the lateral and vertical limits of the constituents of concern in groundwater

and the effectiveness of the existing monitoring well system,

• Collect stream sediment and surface water samples from Green’s Creek at locations

upstream from previous stream sampling locations,

\\ECOSERVER\DATA\PROJECTS\1-IER - Hercules, lnc\HER23051\Revised Supplemental Work Plan.doc Page 2



Hercules, Inc.
Hattiesburg, Mississippi ESI
Work Plan for Supplemental Site Investigation

• Conduct single well response tests and analyze the test data to provide hydraulic
conductivity estimates,

• Conduct a geophysical survey to delineate the lateral boundaries of the waste in the

former landfill area and locate accumulations of buried metal within the landfill and

other areas of the site, and
• Prepare a supplemental site characterization report.
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2.0 SITE SETTING

2.1 FACILITY LOCATION AND SITE DESCRIPTION

The Hercules facility is located on approximately 200 acres of land north of West Seventh Street

in Hattiesburg, Forrest County, Mississippi. More specifically, the Site is located in Sections 4

and 5, Township 4 North, Range 13 West, just north of Hattiesburg, Mississippi (Figure 1). The

facility has been in operation since 1923. The facility is bordered to the north by Highway 43

and Illinois-Central & Gulf Railroad, along with various residential and commercial properties.

The southern property boundary is bordered by 7th Avenue; and by a cemetery and Zeon

Chemical Company to the southwest. Across from these locations are residential areas. The

eastern and western boundaries are bordered by sparsely populated residential areas.

The facility’s historical operations consisted of wood grinding, shredding extraction,

fractionation, refining, distillation, and processing of rosin from pine tree stumps. Historically,

over 250 products were produced from the above-referenced operations and included: modified

resins, polyamides, ketene dimer, crude tall oil wax emulsions, and Delnav, an agricultural

miticide. Structures at the facility include offices, a laboratory, a powerhouse, production

buildings, a wastewater treatment plant, settling ponds, a landfill, and central loading and

packaging areas.

2.2 TOPOGRAPHY AND SURFACE DRAINAGE

Surface water drainage patterns at the Site conform generally to the topography, which slopes

toward Green’s Creek on either side (Figure 2). Topography slopes generally to the south in the

Wastewater Sludge Disposal Area, and to the north/northwest in the Former Industrial Landfill

Area and the Former Delnav Production Area. A topographic divide located south/southwest of

the Former Delnav Production Area separates north flowing surface water drainage to more

east/southeast-trending drainage. The east-trending, perennial stream Green’s Creek and its

natural and man-made tributaries are the main surface drainage features in the area. Green’s

Creek leaves the Site at its northeast corner and subsequently runs into Bowie River, located

approximately one (1) mile to the north/northeast.

2.3 SITE GEOLOGY AND HYDROGEOLOGY

The Site is located within the Pine Hills physiographic region of the Coastal Plain physiographic

province. The topography of the region is characterized by a maturely dissected plain which

slopes generally toward the southeast. The topography is dominated by the valleys of the Bowie

and Leaf Rivers coupled with the nearly flat or gently rolling bordering terrace uplands.
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The geologic formations beneath the Site are as follows (in descending order): Pleistocene

alluvial and terrace deposits, the Miocene-aged Hattiesburg and Catahoula Sandstone formations,

the Oligocene-aged Baynes Hammock Sand and Chickasawhay Limestone formations, and the

Oligocene-aged Bucatunna Clay member of the Byron formation of the Vicksburg group. A

conceptual cross section of the regional geology is shown on Figure 3.

The recent-aged alluvial and terrace deposits consist of flood plains and gravel, silts, and clays.

The thicknesses of the alluvial and terrace deposits are variable due to erosion. Based upon

drillers logs of wells located in the vicinity of the Site, thickness of the alluvial and terrace

deposits is estimated to be approximately 50 feet.

Beneath the alluvial and terrace deposits lies the Hattiesburg formation, which is comprised

predominantly of clay. Regionally, beneath Forrest County. the formation contains at least two

(2) prominent sand beds from which a viable water supply is obtained. Logs from area wells

indicate that the Hattiesburg formation ranges from approximately 130 feet to 260 feet in

thickness.

The Catahoula sandstone underlies the Hattiesburg formation. It is not exposed near the facility,

but is penetrated by numerous wells in the area. A drillers log of a municipal well approximately

1.25 miles northwest of the facility indicated that approximately 770 feet of Catahoula sandstone

was encountered.

Near the Site, the Catahoula sandstone overlies the Chickasawhay limestone. Neither the

Chickasawhay limestone nor the Bucaturina formation are considered to be very viable aquifers.

The Bucatunna formation is comprised of clay and effectively act as a confining layer for the

underlying Oligocene aquifer.

The Miocene aquifer is comprised of both the Hattiesburg and Catahoula sandstone formations.

The aquifer system is composed of numerous interbedded layers of sand and clay. Because of

their interbedded nature, the Hattiesburg and Catahoula sandstone cannot be reliably separated.

The formations dip southeastward approximately 30 feet to 100 feet per mile. While this dip

steepens near the coast, the formations thicken. The shallowest portions of the aquifer system

are unconfined with the surficial water table ranging from a few inches to greater than six (6)

feet below land surface. Deeper portions of the aquifer are confined, with artesian conditions

common.
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3.0 TECHNICAL APPROACH

The supplemental site investigation will be conducted in one mobilization. During the
mobilization a Geoprobe® will be used to investigate site conditions and define the lateral extent
and vertical extent of the VOCs detected in groundwater samples collected from MW-4, MW-8,
MW-9, and MW-il. The Geoprobe® will also be used to investigate groundwater quality in the
vicinity of piezometers TP-1, TP-4, TP-5, and TP-1 1. Surface water and stream sediment
samples will be collected from Green’s Creek at locations up stream from previous sampling
locations to investigate the upstream limits of the constituents detected in previous surface water
and stream sediment locations.

A geophysical survey will also be conducted during this mobilization. The geophysical survey
will involve data collection with non-intrusive instrumentation to delineate the lateral limits of
the landfill area and to locate accumulations of buried metal within the waste matrix. The
MDEQ has also requested that the geophysical survey also include an unspecified area of the site
to locate another potential burial area.

3.1 GROUNDWATER INVESTIGATION

Groundwater samples will be collected in the vicinity of wells where VOCs have been
previously identified in groundwater samples to delineate the lateral extent of the constituents of
concern in the uppermost saturated interval. Previous investigation indicates that the uppermost
saturated interval occurs within approximately 10 feet to 12 feet of ground surface. Initially,
groundwater samples will be collected in close proximity to monitoring well MW-8, where
samples containing the highest concentrations of VOCs have been detected during previous
investigations. The initial samples will be analyzed for VOCs as quickly as possible by Bonner
Analytical and Testing Company (BATCO) located in Hattiesburg, Mississippi. If VOCs are
detected in the initial groundwater samples, additional groundwater samples will be collected
from locations surrounding the initial locations. The additional groundwater samples will also be
analyzed by BATCO, and the analytical results from the additional groundwater samples will be
used to site other sampling locations. The investigation will continue using this iterative process
until the lateral extent of the constituents of concern in the uppermost saturated interval is
defined. Initial proposed sampling locations and possible secondary sampling locations are
shown on Figure 4.

As requested by the MDEQ, groundwater samples collected during this investigation will also be
analyzed for Dioxathion. However, the dioxathion analyses will be conducted on a typical turn
around time of approximately 2 weeks.

As also requested by the MDEQ, groundwater samples will be collected in the vicinity of
piezometers TP-1, TP-4, TP-5, and TP-ll. Samples from these locations will be analyzed for
VOCs, SVOCs and Dioxathion.
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As requested by the Environmental Permits Division of the MDEQ, groundwater monitoring of
monitoring wells MW-4, MW-b, and MW-il will also be conducted during this mobilization.
For quality control purposes groundwater monitoring of the upgradient monitoring well, MW-i,
will be conducted during the same sampling event. Samples collected from the existing
monitoring wells, MW-i, MW-4, MW-b and MW-il, will be analyzed for VOCs and
Dioxathion.

Except for the groundwater samples collected from existing monitoring wells, groundwater
samples collected during the Geoprobe® investigation will be collected from temporary
monitoring wells installed using the Geoprobe®. The temporary monitoring wells will be
screened across the uppermost saturated interval. After sample collection, the temporary

monitoring wells will be left in place until they can be surveyed.

In order to investigate the vertical extent of the VOCs in groundwater, at least four of the
Geoprobe® borings will be extended into the underlying clays of the Hattiesburg formation.

Available information indicates that Geoprobe® refusal will occur in the Hattiesburg formation.

If the depth from the water table to the top of the underlying clay is at least 20 feet, a second
groundwater sample will be collected from the lower portion of the saturated interval.

Groundwater conditions at the site will be evaluated based on geologic, groundwater quality, and
groundwater flow information obtained during the Geoprobe® investigation and previous

investigations.

3.2 GEOPHYSICAL INVESTIGATION

A former landfill is located north of the active plant area. The landfill was reported to have
operated from approximately 1950 to approximately the early 1970’s. The landfill was
reportedly used to dispose of boiler ash, miscellaneous trash and debris, and other metallic

objects such as empty drums. The practice at the plant at that time was to burn any organic

waste materials containing fuel value in the industrial boiler. The approximate boundaries of the
former landfill can be topographically identified. A previous geophysical investigation was

conducted in 1993 by Black and Veatch Waste Science and Technology Corporation (Black and
Veatch) for the U.S. Environmental Protection Agency. The results of the previous geophysical

investigation were discussed the Site Inspection Report. The landfill area investigated was
reported to have the approximate dimensions of 150 by 250 feet in the Black and Veatch report.

A copy of the relevant portions of the Black and Veatch report is included as Appendix A.

A combination of ground conductivity and magnetic intensity methods will be used to delineate the

boundaries of the former landfill area and to locate accumulations of buried metal within the landfill

area. For this survey, data will be collected at ten-foot intervals along lines spaced ten feet apart.

This spacing should provide sufficient overlap to adequately delineate the lateral limits of the fill

materials and identify most accumulations of buried metal. The proposed geophysical survey area

for this work plan is shown on Figure 5.
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Ground conductivity and magnetic methods will also be used to investigate an unspecified area as
requested by the MDEQ. For the unspecified area, a series of lines will be established to cover the
area of interest with sufficient overlap to provide adequate data to describe any anomalies contained
within the area. It is anticipated that a similar line spacing and data point spacing will be used in the
unspecified area as describe above for the landfill area. However, should the size of the unspecified
area, or time constraints, dictate, a wider data point and line spacing may be utilized for the
unspecified survey area. In any event, data will be collected from grid locations spaced no more
than 50 feet apart.

Electrical conductivities of subsurface materials will be measured using a Geonics, Ltd., Model
EM3 1. The EM3 1 is useful in detecting buried metal, inorganic groundwater plumes, and
landfill cells. Magnetic intensity enhances data interpretation for subsurface magnetic materials
such as buried metallic objects and will be measured using a Geometrics, Inc., Model G-858
cesium vapor magnetometer. Details of the geophysical survey methods and procedures are
described in Section 4.10.

3.3 SURFACE WATER AND STREAM SEDIMENT INVESTIGATION

As requested by the MDEQ, a surface water sample and a stream sediment sample will be

collected from Green’s Creek at the point where Green’s Creek enters the Hercules property. A

surface water sample will also be collected from the previous surface water sampling location

CM-i. The surface water sample and the stream sediment sample collected from the Hercules

property line will be analyzed for VOCs and Dioxathion. The surface water sample collected

from the CM-i location will be analyzed for VOCs.
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4.0 METHODS AND PROCEDURES

Unless otherwise stated, field activities will be conducted in accordance with the Environmental
Investigations Standard Operating Procedures and Quality Assurance Manual (EPA Region IV,
November, 2001), (EISOPQAM).

4.1 BORING ADVANCEMENT

Borings will be advanced using a direct-push technology, hydraulic probing apparatus
(Geoprobe® or similar) equipped with a soil coring device (MacroCore® or similar). The
MacroCore® device will be driven to the target depth by the Geoprobe, opened to allow soil to
enter the device, and driven across the desired sample interval. A four-foot long soil core,
collected from a precise interval, will then be retrieved from the boring. Each boring will be
cored continuously from the surface to the total depth of the boring.

4.2 SoIL SAMPLE COLLECTION

During soil sample collection using the Geoprobe® with MacroCore®, 2.5-inch diameter, 4-foot
long soil coring device, each soil sample will be collected in a new, disposable, plastic liner tube.
Soil core lithology will be described based on visual characteristics, and the core will be
screened in the field using a photo-ionization detector (PID).

4.3 GROUNDWATER SAMPLING

Groundwater samples will be obtained through the installation of temporary monitoring wells.
Immediately following the completion of borehole advancement a temporary monitoring well
will be installed into the open borehole. Temporary monitoring wells will be installed to bracket
the observed water table. Ideally, a 10-foot long well screen will be installed to a depth
approximately 8-feet below the observed water table. However, if the clays of the Hattiesburg
formation are encountered at depths less than 8-feet below the observed water table, the screen
will be set at a shallower depth.

In at least four locations, the borings will be installed to the top of the Hattiesburg formation,
which will be identified by the dense clay that marks the contact. If, at any of these four
locations, the observed water table is 20 feet or greater above the top of the Hattiesburg
formation, two temporary monitoring wells will be installed. The first will be installed using a
screen, that is 5-feet in length, to the top of the clay unit to investigate groundwater quality in the
lower portion of the alluvial aquifer. A second temporary monitoring well will then be installed
in a boring placed within 5 feet, laterally, of the deeper boring. The second temporary
monitoring well will be installed to bracket the observed water table, as described above.
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Temporary monitoring wells will be completed by installing a one-inch (I.D.) PVC screen and

riser into the uppermost water-bearing interval. A filter sock will be applied and secured to the

screened interval prior to installation into the borehole. The filter sock has a screen mesh of

approximately 240 microns, which is sufficient to retain most fine sand and larger particles.

20/40 silica sand will be added around the screen to a depth of approximately two feet above the

top of the screen. A two-foot thick bentonite seal will be placed above the sand, and the

remaining portion of the open hole will be filled with a high solids bentonite seal, which will

prevent surface water from entering the boring. After collection of groundwater samples and

hydrogeologic information, temporary monitoring wells will be removed and the open borehole

will be pressure sealed to the surface with a cement/bentonite grout.

4.3.1 Well Development

Temporary monitoring wells will be developed by pumping until the discharge from the well is

relatively free and clear of suspended sediment.

4.3.2 Groundwater Sample Collection

Prior to collecting a groundwater sample, the temporary monitoring wells may be purged using

either low-flow/low-stress or traditional volume-based bailer, or similar, techniques. The low

flow/low stress technique will consist of slowly lowering dedicated tubing connected to a

peristaltic pump (or similar device) into a region of adequate permeability within the water-

bearing zone. If possible, the suction end of the tubing will be placed at the midpoint of the well

screen for sampling. Purging will begin with withdrawal of water at a rate that creates an

equilibrium with recharge (e.g., stabilized water table). Equilibrium is dependent upon the

stabilization of temperature, pH, specific conductance, turbidity and dissolved oxygen.

As only a thin vertical slice of the water-bearing zone is affected, field parameters typically

stabilize immediately and turbidity is quickly reduced. If the yield of each well is insufficient to

support the application of the low flow/low stress, traditional volume-based purging using either

disposable Teflon bailers or a peristaltic pump will be employed. However, the introduction and

removal of the bailer will be conducted in a manner to minimize the disturbance to the screened

portion of the well. Purging will be continued until at least three (3) volumes of water and

representative water quality criteria (referenced above) have been met or until five (5) well

volumes of water have been purged. The water quality field parameters will be measured with

calibrated instruments and recorded in the field book along with the cumulative amount of water

evacuated and time of batch parameter testing.

Once field parameters have stabilized (regardless of the purge method), groundwater to be

collected for VOC analysis will be sampled stopping the peristaltic pump, removing the influent

tubing from the well, and allowing the groundwater contained in the influent tubing to drain into

the sample containers. If a bailer is used for purging, the groundwater sample will be poured
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directly from the bailer into the containers. Groundwater collected for other analyses will be
collected from the discharge stream (tubing or bailer) directly into the Teflon-lined sample
containers for subsequent laboratory analysis. In the event that field replicates are collected for
Quality Assurance/Quality Control (QA/QC) concerns, field personnel will exercise care in
assuring that alternating aliquots are placed in each replicate bottle until each bottle is filled.

Subsequent to sampling, sample containers will be placed and sealed on ice and shipped to the
designated offsite laboratory for analysis. Chain-of-custody documentation will accompany all
coolers. Personnel involved in sampling will wear clean, disposable gloves, which will be
changed between each sample collection. All non-disposable sampling equipment will be
decontaminated as outlined in Section 4.5.

4.4 SURFACE WATER AND STREAM SEDIMENT SAMPLING

Surface water will be collected from Green’s Creek by submerging the sample container into the
flow of the creek to a depth sufficient to fill the containers. Samples will be collected beginning
downstream and working upstream to mitigate the potential for cross-contamination related to
disturbed materials drifting downstream to subsequent sampling locations. To prevent disturbed
particles from entering the sample containers, the samples will be collected upstream of the
sampler. Surface water will be placed into containers provided by the laboratory and delivered
to the laboratory for analysis.

Stream sediment will be sampled immediately after collecting the surface water sample from the
same location. Sediments to be analyzed for Dioxathion will be collected using a stainless steel
spade. The spade will be decontaminated prior to each use. Sediments to be analyzed for VOC
will be collected using single-use, sampling syringes provided by BATCO. Sediments will be
placed into containers provided by the laboratory and delivered to the laboratory for analysis.

4.5 SAMPLE IDENTIFICATION

Each sample collected will be identified by a unique alpha-numeric code. The first three digits
(HER) of each sample code will denote the Hercules site. This portion of the code will be
following by a hyphen (-) and two letters designating the type of sample. Groundwater samples
will be represented by “GW”. Surface water samples will be represented by “SW”. Stream
sediment samples will be represented by “SD”, and soil samples by the letters “SO”. Equipment
rinsate samples will be represented by the letters “RS”, trip blank samples by the letters “TB”,
and blind duplicate samples by the letter “BD”.

For groundwater samples, the code is followed by a hyphen and a four (4) or two (2) digit code
indicating the temporary groundwater sampling point (e.g. GP1) or existing monitoring well
number (03 for MW-3), respectively. This code is followed by a hyphen and a four-digit code
indicating the month and year the sample was collected.
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For soil samples, the code is followed by a hyphen and a three-digit code representing the soil
probe identification (GP1). This code is then followed by sample depth in feet below ground
surface.

For rinsate and trip blank samples, the code is followed by a two-digit sequential sample number
representing the running total of this type of sample collected at the Site to date. For each
sample type, the letter “D” will be added to the sequential sample number to specify a duplicate
sample. Duplicate could also be presentedto the laboratory as “blind” and these samples will be
designated with a running total as “BD 1”. These types of QA/QC samples are discussed in
Section 4.8.

Subsequent to sampling, a waterproof paper label will be attached to each sample container
containing the following information:

• Project number,
• Site/project name,
• Sample identification code,
• Samplers name,
• Date and time of sample collection,
• Preservative (if any), and
• Parameters for analysis.

4.6 ANALYTICAL METHODS

Groundwater samples will be analyzed by BATCO for volatile organic compounds (VOC)
according U.S. EPA SW-846 method 8260B and Dioxathion according to Hercules’ Sampling
and Analysis Protocol for Determination of Dioxathion in Water. Groundwater samples
collected from locations adjacent to piezometers TP-l, TP-4, TP-5, and TP-ll will also be
analyzed for semi-volatile organic compounds (SVOCs) according to U.S. EPA SW-846 method
8270.

Surface water and stream sediment samples will be analyzed for VOC according U.S. EPA SW-
846 method 8260B and Dioxathion according to Hercules’ Sampling and Analysis Protocol for
Determination ofDioxathion in Water.

4.7 DECONTAMINATION

Probe equipment used to collect subsurface soil and groundwater samples (rods and samplers,
temporary downhole casings, screens points) and other equipment used in sample collection will
be accomplished by the following procedure:
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1) Phosphate-free detergent wash.
2) Potable water rinse.
3) Deionized water rinse.
4) Isopropanol rinse.
5) Organic-free water rinse or air dry.
6) Individual tin foil wrap.

For boring activities, separate decontaminated samplers will be used between sample intervals
within the same boring, thereby requiring decontamination between boring locations only.

4.8 QAIQC PROCEDURES

To attain Site QA/QC objectives in terms of accuracy, precision, completeness, comparability,
and representativeness, QAj’QC samples will be collected and sent to the analytical laboratory for
analysis. QA/QC samples collected in the field will consist of field duplicates, splits, and
equipment rinsate and trip blanks.

Field split samples of groundwater will be collected by alternating groundwater aliquots into an
additional container from which the normal sample is collected. Split samples will also be
collected in this manner for regulatory oversight and independent laboratory analysis, if required.
Split samples are used to evaluate data reproducibility and, during this investigation, will be
collected at a frequency of one (1) per ten (10) samples per matrix. Equipment rinsate blanks
will be collected at a frequency of one (1) per twenty (20) samples per matrix. Equipment
rinsate samples will be collected immediately following sampling equipment decontamination by
running deionized water through decontaminated sampling equipment and collecting this water
in sample containers. Trip blanks are supplied by the designated laboratory and consist of
deionized water in a 40-mi vial. The trip blank will remain in the sample ice chest along with the
investigation samples, and will be analyzed for target volatile compounds only. As requested by
the MDEQ, one (1) blind duplicate sample will be collected for each group of groundwater
samples collected during the Geoprobe® investigation that are submitted to the laboratory for
expedited analyses. It is estimated that one (1) blind duplicate sample will be submitted for
every five (5) groundwater samples submitted. Since only the VOC analyses will be expedited,
the blind duplicate samples will only be analyzed for VOC.

4.9 DERIVED WASTE MANAGEMENT

Investigative-derived waste (IDW), (e.g., soil cuttings, plastic sampling tubes, decontamination
water, well purge water, personal protective equipment, etc.) will be containerized immediately
following generation and staged in a readily-accessible area to facilitate subsequent management.
Containers generated during investigative activities will be identified and documented in the log
book to facilitate subsequent management actions. Best Management Practices (BMPs), as
outlined in the EISOPQAM, will be followed to minimize waste volumes and minimize client
liability. These BMPs will be based on review of historical analytical data and qualitative and
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quantitative field screening results and may allow for onsite spreading of non-impacted soils

andJor water. Containerized waste containing constituents of concern will be reviewed for

hazardous waste characteristics and transported and disposed of accordingly in an approved

landfill within 14 days of receipt of all characterization data. Waste characterization review may

include historical data, site sampling data, and applicable Toxicity Characteristic Leaching

Procedure (TCLP) testing, if necessary.

4.10 GEOPHYSICAL SURVEY

4.10.1 Electromagnetic Terrain Conductivity

Ground conductivity is a non-intrusive method of measuring lateral variation in the electrical

conductivity of subsurface materials. Measurements of electrical conductivity will be made with

an EM3 1 Meter. The device is manufactured by Geonics Limited, of Mississauga, Ontario. The

EM3 1 is simple in form, consisting of a magnetic field transmitting coil, a magnetic field

receiving coil, and associated electronics. The coils of the instrument are held co-planar, at a

fixed inter-coil spacing of twelve (12) feet. The transmitter coil is energized with an audio

frequency alternating current. The resulting primary magnetic field (Hp) induces small electrical

currents in the ground. These currents induce secondary magnetic fields (Hs) which, together

with the primary field, are sensed by the receiver coil. Electrical conductivities of subsurface

materials are deduced from the ratios of secondary to primary fields.

The EM3 1 is constructed in such a way that the secondary to primary magnetic field ratio

(Hs/Hp) is proportional to ground conductivity. The phase of the secondary field lags that of the

primary by at least 90°, due to inductive coupling between the transmitter coil and the target

conductive material. Additional lag is determined by the properties of the conductor as an

electrical circuit. For very poor conductors, the additional lag is close to zero. For very good

conductors, it is close to 900. Generally, the secondary field is somewhere between 90° and 180°

out of phase with the primary. That portion of Hs which is only 90° out of phase is called the

quadrature component. The EM3 1 is calibrated to provide quadrature values directly in standard

conductivity units of milliSiemens per meter (mS/rn). The fraction of Hs which is fully 180° out

of phase with Hp is called the inphase component. Inphase values are provided in parts per

thousand (ppt) of the primary field.

Both quadrature and inphase values will be simultaneously recorded by an automatic data logger

for each survey point in the subject area. Both are influenced by the broad range of subsurface

conductivities resulting from minute dissolution of soil particles, inorganic groundwater plumes,

fill materials and buried metals. Being ‘generally more sensitive to variations in relatively poor

conductors, quadrature readings are used to interpret such features as relative inorganic

groundwater concentrations. Being generally more sensitive to good conductors, on the other

hand, inphase readings are the primary indicators of subsurface metal. Both quadrature and

inphase values will be recorded during this survey.
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The secondary field signal received and processed by the EM3 1 does not represent ground

conductivity at a particular depth. Instead, it represents an integration of conductivities through

thicknesses of tens of feet. Eighty (80%) percent of the instrument reading, for example, is due

to materials lying at depths shallower than about thirty (30) feet. The thirty (30) foot level may

be considered an “effective” exploration depth for detection of significant groundwater plumes.

The maximum depth for detection of metallics is a function of the type and amount of buried

material. Tightly packed accumulations low-grade steel can be found at depths of over 20 feet.

The EM3 1 will be calibrated according to manufacturer instructions, at the beginning of each

survey session. Calibrations will be carried out at a fixed location within the survey area. Both

quadrature and inphase values will be recorded. After data collection, the device will be taken

back to the calibration point. Quadrature and inphase values will, again, be recorded. The

differences in the two data sets will be used to determine and correct for “machine drift”.

Additional information regarding the operation of terrain conductivity meters is included in

Appendix B.

4.10.2 Magnetic Intensity

Total magnetic field intensity will be measured with a Geometrics, model G858 cesium vapor

magnetometer. The device measures total field intensities by detecting a self-oscillating split-beam

cesium vapor mechanism. The G-858 will be rigged with one sensor at waist height of the operator.

The device has a data logging capability that will be used to record total magnetic field intensity at

each survey location. A series of manual readings will also be collected at a fixed location at

approximately one-hour intervals. The intensity versus time curves generated from the manual

readings will be used to correct the G-85 8 survey data for diurnal variations of the earth’s magnetic

field. The data set produced will reflect the anomalous fields produced by buried magnetic material.

The effective exploration depth of the device is a function of the amount of underlying metal. A

manual summarizing the theory and operation of magnetometers is provided by the manufacturer

(Breiner, 1973).

Additional information regarding collection and utility of magnetic intensity methods is included

in Appendix C.

4.11 HEALTH AND SAFETY CONSIDERATIONS

Eco-Systems and all subcontractors of Eco-Systems will comply with a site-specific Health and

Safety (H&S) Plan to be prepared in accordance with OSHA (29 CFR 1910.120) regulations.

All individuals working at the site will have successfully completed an approved 40-hour safety

training course and yearly 8-hour refresher courses, as necessary. All individuals working at the

site will also receive Hercules’ health and safety training for contractors provided at the facility

or work under the direct supervision of personnel who have received the training from Hercules.

Prior to performing field activities associated with this Work Plan, all personnel will be required
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to sign a compliance agreement certifying that they have read, understand, and will abide by all

provisions of the H&S Plan.

4.12 OTHER PROCEDURES

Procedures for soil boring and well installation, sample collection, sample containerization and

packing, sample shipment, cross-contamination control, drummed material disposal, field

documentation, chain-of-custody, data review, and other work items not specifically covered in

this document will be conducted in accordance with the EISOPQAM.
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5.0 REPORTING

Following receipt of the analytical results, a report documenting the field activities and the
analytical results will be prepared. The report will include, at a minimum, the following:

1) a summary of investigative approach and field activities conducted,
2) field methods and procedures,
3) narrative of the investigative results with tabular and graphical presentation of the

geochemical and/or geotechnical data,
4) iso-concentration maps may be generated for appropriate constituents of concern in

groundwater to aid in visualizing the extent of impact,
5) analytical laboratory data sheets,
6) results of the QA/QC data review,
7) a summary of the findings, and
8) recommendations for further actions or management measures, if appropriate.

Field logs and construction diagrams will be included in appropriate appendices of the report.
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6.0 IMPLEMENTATION SCHEDULE

Field activities will be implemented promptly following approval of this work plan by the

MDEQ. Field work is anticipated to be completed within 50 days of project initiation, and the

report of the field investigation results is anticipated to be submitted to the MDEQ within 120

days of project initiation following the authorization to proceed.

The schedule assumes that one mobilization for field work will be needed. The report will be

prepared following receipt and review of complete laboratory data. The estimated schedule for

project activities anticipated to complete this field investigation is shown below.

Z Activty 4L2j1jsfrom Start

Procurement and Initiation of Field Activities 30

Completion of Field Activities 50

Receipt and Review of Laboratory Data 85

Report Preparation and Submittal to MDEQ 120
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